A lkaloid extracts from different organs o f Adenocarpus hispanicus ssp. hispanicus and A de nocarpus hispanicus ssp. gredensis were analyzed by capillary GC. Twenty-four com pounds could be identified by the high sensitive method o f GLC-M S: the pyrrolizidine alkaloids decorticasine, N -acetylnorloline and N-butyrylnorloline, the bipiperidyl alkaloid amm odendrine, the phenylethylamine tyramine and 19 quinolizidine alkaloids. In contrast to Adenocar pus com plicatus, Adenocarpus foliolosus and Adenocarpus viscosus the alkaloid pattern o f A de nocarpus hispanicus is characterized by the occurrence o f quinolizidine alkaloids with sparteine predominating in the leaves and numerous dehydroderivatives o f sparteine. Remarkable is the total absence o f adenocarpine which was described as a main com pound o f the three former species. Our results strongly support the opinion that the genus Adenocarpus should be divided into two phytochem ical groups.
Introduction
The genus Adenocarpus belongs to the tribe Genisteae s. str. (Fabaceae), but there is no ob vious link to any particular genus in this tribe. According to a recent synopsis Adenocarpus com prises 15 species and 24 subspecies [1] .
Several reports in the literature [2] [3] [4] [5] and a recent survey o f Greinwald et al. [6] revealed the genus Adenocarpus to contain pyrrolizidine and bi piperidyl alkaloids. Additionally the occurrence of the quinolizidine alkaloid sparteine was stated for leaves o f A. hispanicus (Lam.) DC and A. decorticans Boiss. [5] . In contrast to this finding no quino lizidine alkaloids could be detected in 13 seed extracts from 10 species and subspecies of Adeno carpus including also samples of Adenocarpus hispanicus and in 9 extracts of flowers, leaves and twigs from A. complicatus (L.) Gay, A. foliolosus (Aiton) DC and A. viscosus (Willd.) Webb & Berthelot [6] .
The present study was performed to verify the old record o f sparteine in A. hispanicus. F urther m ore we com pared the alkaloid patterns of A. hi-The dry plant material was homogenized in 0.5 m H 2S 0 4 and left standing at room tem pera ture for 20 min. The filtrated hom ogenate was made alkaline with 25% am m onium hydroxide and applied to Chemelut columns (0.6 g Chemelut/ml extract) (ICT, Frankfurt). The alkaloids were eluted with 100 ml dichlorom ethane, the extracts evaporated to dryness and subsequently analyzed by capillary GC.
Chromatographic methods
The samples were analyzed by GC and capillary GC-M S according to published conditions [7] . Re tention indices (= RI) were calculated using co-chrom atographed standard hydrocarbons.
Identification o f alkaloids
M ass spectral d ata o f alkaloids from Adenocar pus hispanicus (* = tentatively identified; RI = re tention index according to Koväts). EI-MS: 45 eV, m /z (rel. int.); Tyramine (1); RI = 1360; [M +] 137 (13) [8] . N-Acetylnorloline [11] . Dehydrosparteine* Reference alkaloids: Sparteine, am m odendrine, 17-oxosparteine, lupanine and 17-oxolupanine were available as authentic samples. N-Acetylnorloline, N-propionylnorloline and N-butyrylnorloline were synthesized from norloline [9] which was kindly provided by R. Petroski (USDA, Peoria).
Results
The alkaloid extracts of leaves, twigs, pods, seeds and flowers of Adenocarpus hispanicus were analyzed by capillary GC. Twentyfour alkaloids were detected by direct com parison (mass spec trum , retention index) with authentic m aterial or by comparison of their mass spectral data with lit erature data. The alkaloid pattern of Adenocarpus hispanicus is characterized by the co-occurrence of the pyrrolizidine alkaloids N-acetylnorloline (2), decorticasine (3) and N-butyrylnorloline (5), the bipiperidyl alkaloid ammodendrine (13) and a large number of quinolizidine alkaloids. a-Isosparteine (4), sparteine (6), ß-isosparteine (10), 11,12-dehydrosparteine (11), 8 e-hydroxysparteine (15), 17-oxosparteine (16), a-isolupanine (18), lupanine (20) , aphylline (21), m ultiflorine (22) and 17-oxolupanine (23) could be identified unam big uously by their specific retention indices and their mass spectral data. Furtherm ore we have tenta tively identified five dehydro-derivatives o f spar teine but the exact position of the double bond is still unsettled. No authentic samples o f these com pounds were available and their partial synthesis proved to be impractical. Quantities o f extracts containing these alkaloids were insufficient to per mit their isolation and identification by standard phytochemical procedures.
The mass spectrum and the retention index of the unknown com pound 17 shows evident similar ity to camoensidine but the base peak of 17 at m /z 136 is in contrast to that of m /z 122, reported for camoensidine [18] . 24 represents the second un known constituent in the alkaloid pattern of Adenocarpus hispanicus. The mass spectrum o f 24 shows the typical fragments of quinolizidine alka loids at m /z 219, 191, 150, 134, 98 and 84 but no further conclusions about the structure were possible.
The distribution and the total yield o f alkaloids of A. hispanicus subsp. hispanicus and A. hispani cus subsp. gredensis is shown in Table I and T a ble II. The highest alkaloid content (>1.5 mg g_1 dry wt) was noticed in leaves o f both subspecies (Table I, Table II ). Sparteine (6) represented the main alkaloid in leaves, additionally decorticasine (3), 11,12-dehydrosparteine (11) and 17-oxosparteine (16) were found as m ajor constituents in this plant organ. The alkaloid composition of twigs was similar in complexity to that of leaves. Decor ticasine (3) was present as the m ajor constituent, accompanied by smaller am ounts of sparteine (6), 11,12-dehydrosparteine (11) and 17-oxosparteine (16) . In pods and seeds decorticasine (3) represents unequivocally the main alkaloid, a tendency which was already reported for other species of Adeno carpus [6] . In contrast to seeds pods contained quite high am ounts of the phenylethylamine-type alkaloid tyram ine (1) besides decorticasine (3). This co-occurrence o f 1 and 3 is also typical for flowers. Tyramine (1) was present in all extracts of flowers whereas 1 was rarely or never detected in leaves, twigs and seeds.
The alkaloid patterns of Adenocarpus hispanicus subsp. hispanicus and Adenocarpus hispanicus subsp. gredensis showed a great similarity if the or- gan-specific distribution of the alkaloids is taken into account. There was no definite evidence for subspecies-specific differences in the alkaloid com position.
Discussion
The previous report on the presence o f sparteine (6) in leaves of the species Adenocarpus hispanicus [5] was confirmed. In addition we could show the occurrence of 6 in all overground plant parts and in contrast to a recent investigation [6] also in seeds, but only in trace amounts. In the seeds the pyrrolizidine alkaloid decorticasine (3) is clearly the major com pound, which is consistent with our earlier findings [6] . Besides sparteine (6) further eighteen quinolizidine alkaloids were detected for the first time in both subspecies. The presence of quinolizidine alkaloids in A. hispanicus represents an im portant phytochemical character since this type of alkaloid is totally absent in A. complicatus, A. foliolosus and A. viscosus [6] . Thus our present data indicate the correct division of the genus Adenocarpus into two phytochemical groups [5] . Furtherm ore the presence o f quinolizidine alka loids in Adenocarpus may be regarded as a phyto chemical link between this genus and other genera of the tribe Genisteae, where these alkaloids are widely distributed. The m ost quinolizidine alka loids of A. hispanicus belong to the sparteine-or lupanine-type which both are considered as a primitive character. The more advanced a-pyridone alkaloids, typical constituents of the closely related genus Laburnum [13, 19] do not occur in this species and are not reported for any species of the genus Adenocarpus so far.
O ur investigations revealed a strong organ-spe cific distribution o f the alkaloids in A. hispanicus.
The pyrrolizidine alkaloid decorticasine (3) is ac cumulated as a m ajor constituent in seeds and to a minor extent also in pods, flowers and twigs.
Leaves are the main accum ulation site o f spar teine (6) where also the biosynthesis o f quinolizidine alkaloids is localized [20] , Obviously quinolizidine alkaloids are not accumulated in the seeds in larger amounts like in most other genera of Genisteae.
Remarkable is the total absence of the bipiperidyl alkaloids cis-and ?ra«s-adenocarpine which where found to be the main constituents o f leaves, twigs and flowers in A. complicatus, A. foliolosus and A. viscosus [6] . Ammodendrine (13) was iden tified to be the only bipiperidyl alkaloid in A. his panicus. One can speculate that the biosynthetic transform ation of an N-acylation with cinnamic acid of the probable precursor tetrahydro-anabasine to the final product adenocarpine is blocked in A. hispanicus.
Flowers differ from other plant parts in storing the phenylethylamine type tyramine (1) as m ajor constituent besides decorticasine (3). 1 is fairly widespread among higher plants [21] . Often flow ers represent the main accumulation site for this alkaloid [6, 8, 22, 23] . The specific occurrence of tyramine (1) in reproductive organs may be a hint for its role as an attractant for pollinators.
F urther phytochemical studies are necessary to determine if A. decorticans, A. bacquei and A. artemisiifolius, which are suggested to be a vicarious group together with A. hispanicus [24] , also p ro duce quinolizidine alkaloids as the latter species.
